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(54) Wire drawing die with non-cylindrical interface configuration for reducing stresses

(57)  The present invention is addressed to improv-
ing a blank for a wire drawing did (60) formed from an
annular cemented metal carbide support component
(66) having a lengthwise extent from an entrance end
(68) to an exit end (78) and extending radially about a
central longitudinal axis (75) to define a cylindrical inter-
nal bore through the lengthwise extent, and a cylindrical
sintered polycrystalline compact component (62) re-
ceived within the bore of the support component and
bonded thereto at an interface surface (63) extending a
radial distance from and along the longitudinal axis from
a wire drawing entrance end to a wire drawing exit end.
The compact component is adapted to receive an aper-
ture extending through its lengthwise extent about the

g

central longitudinal axis and is configured with an en-
trance zone (1) at the did entrance end which tapers in-
wardly therefrom to a reduction zone (2) whereat a wire
to be drawn through the aperture makes initial contact
with the compact component, and thence to a bearing
zone (3) and an exit zone (4). The improvement in such
wire drawing did blank involves the radial distance from
said central longitudinal axis to said interface surface
tapering inwardly (74) from the entrance end to a mini-
mum prior to the bearing zone after which said radial
distance remains substantially constant to said exit end.
The corresponding wire drawing did and the method for
producing the inventive wire drawing blank also form ad-
ditional aspects of the present invention.
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Description

[0001] The present invention relates to wire drawing
dies, and more particularly to dies formed of a cemented
metal carbide supported, polycrystalline diamond
(PCD) or polycrystalline cubic boron nitride (PCBN)
compact wherein a non-cylindrical interface is provided
between the compact and the support layers for im-
proved physical properties.

[0002] A compact may be characterized generally as
an integrally-bonded structure formed of a sintered,
polycrystalline mass of abrasive particles, such as dia-
mond or CBN. Although such compacts may be self-
bonded without the aid of a bonding matrix or second
phase, it generally is preferred, as is discussed in U.S.
Patents Nos. 4,063,909 and 4,60,423, to employ a suit-
able bonding matrix which usually is a metal such as
cobalt, iron, nickel, platinum, titanium, chromium, tanta-
lum, copper, or an alloy or mixture thereof. The bonding
maitrix, which is provided at from about 5% to 35% by
volume, additionally may contain recrystallization or
growth catalyst such as aluminum for CBN or cobalt for
diamond.

[0003] For many applications, it is preferred that the
compact is supported by its bonding to substrate mate-
rial to form a laminate or supported compact arrange-
ment. Typically, the substrate material is provided as a
cemented metal carbide which comprises, for example,
tungsten, titanium, or tantalum carbide particles, or a
mixture thereof, which are bonded together with a binder
of between about 6% to about 25% by weight of a metal
such as cobalt, nickel, or iron, or a mixture or alloy there-
of. As is shown, for example, in U.S. Patents Nos.
3,381,428; 3,852,078; and 3,876,7512, compacts and
supported compacts have found acceptance in a variety
of applications as parts or blanks for cutting and dress-
ing tools, as drill bits, and as wear parts or surfaces,
[0004] The basic HP/HT method for manufacturing
the polycrystalline compacts and supported compacts
of the type herein involved entails the placing of an un-
sintered mass of abrasive, crystalline particles, such as
diamond or CBN, or a mixture thereof, within a protec-
tively shielded metal enclosure which is disposed within
the reaction cell of an HT/HP apparatus of a type de-
scribed further in U.S. Patents Nos. 2,947,611;
2,941,241,  2,941,248; 3,609,818; 3,767,371,
4,289,503; 4,673,414, and 4,954,139. Additionally
placed in the enclosure with the abrasive particles may
be a metal catalyst if the sintering of diamond particles
is contemplated, as well as a pre-formed mass of a ce-
mented metal carbide for supporting the abrasive parti-
cles andto thereby form a supported compact therewith.
The contents of the cell then are subjected to processing
conditions selected as sufficient to effect intercrystalline
bonding between adjacent grains of abrasive particles
and, optionally, the joining of sintered particles to the ce-
mented metal carbide support. Such processing condi-
tions generally involve the imposition for about 3 to 120
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minutes of a temperature of at least 1300° C and a pres-
sure of at least 20 kbar.

[0005] Regarding the sintering of polycrystalline dia-
mond compacts or supported compacts, the catalyst
metal may be provided in a pre-consolidated form dis-
posed adjacent the crystal particles. For example, the
metal catalyst may be configured as an annulus into
which is received a cylinder of abrasive crystal particles,
or as a disc which is disposed above or below the crys-
talline mass. Alternatively, the metal catalyst, or solvent
as it is also known, may be provided in a powdered form
and intermixed with the abrasive crystalline particles, or
as a cemented metal carbide or carbide molding powder
which may be cold pressed into shape and wherein the
cementing agent is provided as a catalyst or solvent for
diamond recrystallization or growth. Typically, the metal
catalyst is selected from cobalt, iron, or nickel, or an al-
loy or mixture thereof, but other metals such as ruthe-
nium, rhodium, palladium, chromium, manganese, tan-
talum, copper, and alloys and mixtures thereof also may
be employed.

[0006] Under the specified HT/HP conditions, the
metal catalyst, in whatever form provided, is caused to
penetrate or "sweep: into the abrasive layer by means
of either diffusion or capillary action, and is thereby
made available as a catalyst or solvent for recrystalliza-
tion or crystal intergrowth. The HT/HP conditions, which
operate in the diamond stable thermodynamic region
above the equilibrium between diamond and graphite
phases, effect a compaction of the abrasive crystal par-
ticles which is characterized by intercrystalline dia-
mond-to-diamond bonding wherein parts of each crys-
talline lattice are shared are shared between adjacent
crystal grains. Preferably, the diamond concentration in
the compact or in the abrasive table of the supported
compact is at least about 70% by volume. Methods for
making diamond compacts and supported compacts
are more fully described in U.S. Patents Nos. 3,142,746;
3,745,623; 3,609,818; 3,850,591; 4,394,170,
4,403,015; 4,797,326; and 4,954,139.

[0007] Regardingthe sintering of polycrystalline CBN
compacts and supported compacts, such compacts and
supported compacts are manufactured in general ac-
cordance with the methods suitable for diamond com-
pacts. However, in the formation of CBN compacts via
the previously described "sweep-through" method, the
metal which is swept through the crystalline mass need
not necessarily be a catalyst or solvent for CBN recrys-
tallization. Accordingly, a polycrystalline mass of CBN
may be joined to the cobalt-cemented tungsten carbide
substrate by the sweep through of the cobalt from the
substrate and into the interstices of the crystalline mass
notwithstanding that cobalt is not a catalyst or solvent
for the recrystallization of CBN. Rather, the interstitial
cobalt functions as a binder between the polycrystalline
CBN compact and the cemented tungsten carbide sub-
strate.

[0008] As it was for diamond, the HT/HP sintering
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process for CBN is effected under conditions in which
CBN is the thermodynamically stable phase. It is spec-
ulatedthat underthese conditions, intercrystalline bond-
ing between adjacent crystal grains also is effected. The
CBN concentration in the compact or in the abrasive ta-
ble of the supported compact is preferably at least about
50% by volume. Methods for making CBN compacts and
supported compacts are more fully described in U.S.
Patents Nos. 2,947,617, 3,136,615, 3,233,988;
3,743,489; 3,745,623; 3,831,428; 3,928,219;
4,188,194; 4,289,503; 4,673,414; 4,797,326; and
4,954,139. Exemplary CBN compacts are disclosed in
U.S. Patent No. 3,767,371 to contain greater than about
70% by volume of CBN and less than about 30% by vol-
ume of a binder metal such as cobalt.

[0009] As is describe in U.S. Patent No. 4,344,928,
yet another form of a polycrystalline compact, which
form need not necessarily exhibit direct or intercrystal-
line bonding, involves a polycrystalline mass of diamond
or CBN particles having a second phase of a metal or
alloy, a ceramic, or a mixture thereof. The second ma-
terial phase is seen to function as a bonding agent for
abrasive crystal particles. Polycrystalline diamond and
polycrystalline CBN compacts containing a second
phase of a cemented carbide are exemplary of the con-
joint" polycrystalline abrasive compacts. Such com-
pacts may be considered to be "thermally-stable as
compared to metal-containing compacts as having serv-
ice temperatures above about 700° C. Compacts as
those described in U.S. Patent No. 4,334,928 to com-
prise 80 to 10% by volume of CBN and 20 to 90% by
volume of a nitride binder such as titanium nitride also
may be considered exemplary of a thermally-stable ma-
terial.

[0010] Supponed PCD and CBN compacts have gar-
nered wide acceptance for use in cutting and dressing
tools, drill bits, and in like applications wherein the hard-
ness and wear properties of such compacts are exploit-
ed. In particular, such compacts have been incorporated
into dies for drawing feedstocks of such metals as tung-
sten, copper, iron, molybdenum, and stainlcss steel into
wires. Typically, these wire drawing dies are surrounded
by and bonded to an generally annular, outer mass of a
metal carbide support. Provided to extend through the
compact along the axial centerline thereof is a hole or
other aperture into which the metal feedstock is drawn
for its elongation into a wire product of a reduced diam-
eter. Wire drawing dies of such general type and meth-
ods for manufacturing the same are described in U.S.
Patents Nos. 3,831,428, 4,016,736; 4,129,052;
4,144,739, 4,303,442, 4,370,149,  4,374,900;
4,534,934, 4,828,611, 4,872,333; and 5,033,334.
[0011] With respecttothe fabrication of the wire draw-
ing dies herein involved, although a variety of methods
may be employed, HT/HP sintering processes as are
described in U.S. Pats. Nos. 3,831,428 and 4,534,934
may be considered preferred. As with fabrication of sup-
ported compacts in general, the preferred HT/HP proc-
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esses entail the sweep of a catalytic or binder metal,
such as cobalt, through a mass of CBN or PCD particles.
For wire die forming processes, the particles are
charged within a support of a surrounding metal carbide
annulus. At the processing conditions heretofore spec-
ified, metal from the support and, optionally, from an ax-
ially disposed disc, is made to infiltrate radially and/or
axially into the interstices of the crystalline mass. Within
the particle mass, the infiltrated metal forms a separate
binder phase and, at least with respect to PCD, effects
significant intercrystalline bonding. The metal addition-
ally joins the sintered compact to the support to form an
integral structure. The wire drawing hole may be formed
through the sintered compact as afinishing step by laser
drilling or other machining techniques. Alternatively, the
hole may be pre-formed by including a wire as axially
disposed within the particle mass, which wire is re-
moved after the sintering of the mass by dissolution in
a suitable acid or other solvent or by machining tech-
niques.

[0012] Astosupported compactsingeneral, itis spec-
ulated, as is detailed in U.S. Patent No. 4,797,326, that
the bonding of the support to the polycrystalline abrasive
mass involves a physical component in addition to a
chemical component which develops at the bondline if
the materials forming the respective layers are interac-
tive. The physical component of bonding is seen to de-
velop from a relatively lower coefficient of thermal ex-
pansion (CTE) of the polycrystalline abrasive layer as
compared to the cemented metal support layer. That is,
upon the cooling of the supported compact blank from
the HT/HP processing conditions to ambient conditions,
it has been observed that the support layer retains re-
sidual tensile stresses which, in turn, exert a radial com-
pressive loading on the polycrystalline compact sup-
ported thereon. This loading maintains the polycrystal-
line compact generally in compression which thereby
improves the fracture toughness, impact, and shear
strength properties of the laminate. In a wire die config-
uration, the support annulus has been observed, gen-
erally, to beneficially exert both a radial and an axial
compression against the central polycrystalline core.
However, localized regions of rcsidual tensile stress are
known to be present in the throat or reduction zone of
the wire die.

[0013] During drawing operations, however, there are
known to be developed frictional normal forces as be-
tween the contacting surfaces of the die and the wire
being drawn. Such forces develop stresses which have
been observed to combine with the residual stresses of
the HT/HP forming process to deleteriously affect the
operational life and performance properties of the die.
Failure has been seen to occur principally within the
bore of the die, or at the external, i.e. axial surfaces of
the compact layer.

[0014] Moreover, in the commercial production of
supported compacts in general, it is common for the
product or blank which is recovered from the reaction
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cell of the HT/HP apparatus to be subjected to a variety
of finishing operations which include cutting, such as by
electrode discharge machining or with lasers, milling,
and especially grinding to remove any adherent shield
metal from the outer surfaces of the compact. Such op-
erations additionally are employed to machine the com-
pact into a cylindrical shape or the like which meets
product specifications as to diamond or CBN abrasive
table thickness and/or carbide support thickness. With
respect to wire drawing dies in particular, prior to use,
the die generally is brazed into a receiving ring or other
support assembly. It will be appreciated, however, that
during such finishing and brazing operations, the tem-
perature of the blank, which previously has been ex-
posed to a thermal cycle during its HT/HP processing
and cooling to room temperature, can be elevated due
to the thermal effects of the operations. During each of
the thermal cycles, the carbide support, owing to its rel-
atively higher coefficient of thermal expansion (CTE),
will have expanded to a greater extent than the abrasive
compact supported thereon. Upon heating and cooling,
the stresses generated are relieved principally through
the deformation of the compact layer which may result
in its stress cracking and delamination from its support.
[0015] Proposals have been made to improve the per-
formance of supported compact wire drawing dies. In
this regard, U.S. Patent No. 4,374,900 suggests sur-
rounding the circumference of the diamond compact
with a cermet material which contains molybdenum as
a predominant component. The cermet is stated to have
a high degree of plastic deformation and a high rigidity
at elevated temperatures. U.S. Patent No. 5,033,334
discloses a wire drawing die wherein the outer surface
of the compact is metallized and then brazed to the mat-
ing surface of the support. Such die is stated to have an
improved bond strength as between the compact and
support components.

[0016] Recently, commonly-assigned U.S. Pat. No.
5,660,075 (the '075 patent") proposed to improve the
physical properties of wire drawing dies by making the
carbide support/polycrystalline diamond interface ex-
tend radially from the longitudinal axis center of the die
a minimum distance at a region intermediate between
the entrance end and the exit end of the die, such as is
depictedin Fig. 2, which will be described in detail below.
While this reduces the residual tensile stresses on die
bore surfaces, it is more expensive to make than con-
ventional wire drawing dies, such as is depicted in Fig.
1, which also will be described in detail below.

[0017] Notwithstandingthe prior proposals, additional
improvements in wire drawing dies would be well-re-
ceived by industry. Especially desired would be a die
having reduced residual stresses and, correspondingly,
an extended service life, a reduced susceptibility to fail-
ure, and improved machinability performance, and wear
properties. Thus, there has been and heretofore has re-
mained a need for wire drawing dies having improved
physical properties.
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[0018] PCD commonly is used as a die material in
drawing metal wire such as, for example, copper and its
alloys, various steels, and other precious metals. In the
drawing of high tensile steel, for example, a common
failure mode is the formation of a wear ring in the en-
trance or reduction region of the die where the wire first
contacts the diamond material. During use, this wear
ring moves down the axis of the die until it eventually
causes breakage of the wire, imparts unfavorable resid-
ual stresses in the wire, or results in an out-of-shape
product.

[0019] To increase the life of wire drawing dies, it is
desirable to decrease the rate of wear ring formation.
The wear ring presumably forms by successive pitting
of the PCD or other material surface which typically is
under tensile stresses. If these tensile stresses can be
reduced or changed to compressive stresses, the rate
of wear ring formation should be slowed during opera-
tion.

[0020] The present invention, then, is based on the
discovery that by making the carbide annulus/polycrys-
talline component interface surface extend inwardly
from the entrance end of the die to the vicinity of the
wear ring location, that stresses in the compact can be
materially diminished which should lead to longer serv-
ice life. Moreover, the interface configuration for the re-
maining die down to the exit end is much less important
and can, for example, remain in a conventional cylindri-
cal configuration. While the performance of the present
wire drawing die may not reach that of the wire drawing
die disclosed in '075 patent, its expected lower produc-
tion costs and ease of manufacture should make it an
attractive alternative product which is much improved
over conventional cylindrical interface wire drawing die
products.

[0021] Accordingly, the present invention is ad-
dressed to improving a blank for converting into a wire
drawing die which is formed from an annular cemented
metal carbide support component having a lengthwise
extent from an entrance end to an exit end and extend-
ing radially about a central longitudinal axis to define a
cylindrical internal bore through the lengthwise extent,
and a cylindrical sintered polycrystalline compact com-
ponent received within the bore of the support compo-
nent and bonded thereto at an interface surface extend-
ing a radial distance from and along the longitudinal axis
from a wire drawing entrance end to a wire drawing exit
end. The compact component is adapted to receive an
aperture extending through its lengthwise extent about
the central longitudinal axis and is configured with an
entrance zone at the die entrance end which tapers in-
wardly therefrom to a reduction zone whereat a wire to
be drawn through the aperture makes initial contact with
the compact component, and thence to a bearing zone
and an exit zone. The improvement in such wire drawing
die blank revolves around the radial distance from said
central longitudinal axis to said interface surface tapers
inwardly from the entrance end to a minimum prior to
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the bearing zone after which said radial distance re-
mains substantially constant to said exit end.

[0022] Another aspect of the present invention is ad-
dressed to improving a wire drawing die formed from an
annular cemented metal carbide support component
having a lengthwise extent from an entrance end to an
exit end and extending radially about a central longitu-
dinal axis to define a cylindrical internal bore through
the lengthwise extent, and a cylindrical sintered poly-
crystalline compact component received within the bore
of the support component and bonded thereto at an in-
terface surface extending a radial distance from and
along the longitudinal axis from a wire drawing entrance
end to a wire drawing exit end. The compact component
has an aperture extending through its lengthwise extent
about the central longitudinal axis and is configured with
an entrance zone at the die entrance end which tapers
inwardly therefrom to a reduction zone whereat a wire
to be drawn through the aperture makes initial contact
with the compact component, and thence to a bearing
zone and an exit zone. The improvement in such wire
drawing die revolves around the radial distance from
said central longitudinal axis to said interface surface
tapers inwardly from the entrance end to a minimum pri-
or to the bearing zone after which said radial distance
remains substantially constant to said exit end.

[0023] As a further aspect of the present invention is
a process for forming a wire drawing die blank formed
by a high pressure/high temperature (HP/HT) process.
This process commences by providing a reaction cell
assembly which includes an annular cemented metal
carbide support component having a lengthwise extent
from an entrance end to an exit end and extending ra-
dially about a central longitudinal axis to define a cylin-
drical internal bore through the lengthwise extent. The
reaction cell assembly also includes a sinterable mass
of crystalline particles received within the bore of the
support component. The process continues by subject-
ing the reaction cell assembly to HP/HT conditions se-
lected as being effective to sinter the mass of crystalline
particles into a polycrystalline compact which compact
is adapted to have an aperture extending through its
lengthwise extent about the central longitudinal axis and
configured with an entrance zone at the entrance end
which tapers inwardly therefrom to a reduction zone
whereat a wire to be drawn through the aperture makes
initial contact with said compact component, and thence
to a bearing zone and an exit zone. The HP/HT condi-
tions also are selected as being effective to bond the
compact to the support component at an interface sur-
face extending along the longitudinal axis wherein the
radial distance from said central longitudinal axis to said
interface surface tapers inwardly from the entrance end
to a minimum prior to the bearing zone after which said
radial distance remains substantially constant to said
exit end.

[0024] Advantages of the present invention include
the provision of a wire drawing die and blank therefor
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which have residual stresses which are controlled to
promote an extended service life, and reduced suscep-
tibility to failure. Another advantage is a wire drawing
die and blank therefor having improved machinability,
performance, and wear properties. These and other ad-
vantages will become readily apparent to those skilled
in the an based upon the instant disclosure.

[0025] Forafullerunderstanding of the nature and ad-
vantages of the invention, reference should be had to
the following detailed description taken in connection
with the accompanying drawings wherein:

Fig. 1 is a cross-sectional view of a wire drawing die
fabricated in accordance with the prior an as having
a generally cylindrical interface as between an inner
compact and an outer support component;

Fig. 2 is a cross-sectional view of a wire drawing die
fabricated in accordance with the '075 patent as
having an interface surface extending along a lon-
gitudinal axis from a first end spaced a first local
maximum radial distance from said axis to a second
end spaced a second local maximum radial dis-
tance from the axis, wherein the interface surface
radially extends inwardly from said first and said
second ends to define an intermediate region ther-
ebetween spaced a local minimum radial distance
from the axis;

Fig. 3is a cross-sectional view of a wire drawing die
fabricated in accordance with the present invention
as having a generally non-cylindrical interface as
between the inner compact and the outer support
component from the entrance end of the die to the
intermediate wear ring location;

Fig. 4 is a graphical representation of a finite ele-
ment model of the maximum principle stress distri-
butions in a section of the prior an representative
wire drawing die of Fig. 1 which has a cylindrical
interface; and

Fig. 5 a graphical representation of a finite element
model of the maximum principle stress distributions
in a section of the novel representative wire drawing
die of Fig. 3.

[0026] The drawings will be described further in con-
nection with the following description of the present in-
vention.

[0027] Referringto Fig. 1, a wire drawing die substan-
tially in accordance with the prior an is shown at 10 to
include inner, polycrystalline compact component 12,
bonded at interface or bondline 14, to cemented metal
carbide support layer 16. A wire drawing aperture or
throat, represented at 18, is provided in to extend
through compact component 12 for receiving the wire
being drawn. In this regard, wire feedstock 19 of a given
diameter, d;, is drawn through aperture 18 in the direc-
tion shown by arrow 20 for elongation into a wire product
of reduced diameter, d,. Drawing aperture 18 preferably
is configured as being tapered either doubly or piece-
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wise to define a characteristic surface of revolution
about central longitudinal axis 24 for confronting wire 19
being drawn. Area or region 22 at which wire 19 initially
contacts compact component 12 is the wear ring de-
scribed above. During use, wear ring 22 moves down
axis 24 of die 10 until it eventually causes breakage of
wire 19, imparts unfavorable residual stresses in wire
19, or results in an out-of-shape product. To increase
the life of wire drawing dies. it is desirable to decrease
the rate of wear ring formation. Wear ring 22 presumably
forms by successive pitting of the surface of compact
component 12 which typically is under local tensile
stresses. If these tensile stresses can be reduced or
changed to compressive stresses, the rate of wear ring
formation should be slowed during operation. Based on
the foregoing description, the an generally recognizes
four distinct zones for wire drawing die 10; entrance
zone 1, reduction zone 2, bearing zone 3, and exit zone
4,

[0028] Referringto Fig. 2, a prior an wire drawing die
substantially in accordance with the '075 patent is
shown at 30 to include inner sintered polycrystalline
compact component 32 and outer support component
34. Support component 34 is configured as having a
lengthwise extent, I, and as extending about central lon-
gitudinal axis 36 to define internal bore 38 therethrough.
Compact component 32 is received within bore 38 of
support componcnt 34 and is bonded thereto at inter-
face surface 40. As before, a wire drawing aperture or
throat, represented at 42, defining a generally tapered
surface of revolution 44 about axis 36, is provided
through compact component 32 for receiving a wire (not
shown) drawn therethrough in the direction shown at ar-
row 46 substantially in the same manner as described
in connection with Fig. 1. However, interface 40 now ex-
tends along axis 36 from entrance end 48, spaced a first
local maximum radial distance, ry, from axis 36, to exit
end 50, spaced a second local maximum radial dis-
tance, r,, from axis 46. Intermediate region 52 is shown
spaced a local minimum radial distance, ry, from axis
36. Again, while not shown on Fig. 2, the four zones de-
scribed above are present here also.

[0029] Now, referring to Fig. 3. inventive wire drawing
die 60 is seen to include inner polycrystalline compact
62 bonded at interface or bondline 63, to cemented met-
al carbide support layer 66. A wire drawing aperture or
throat, represented at 68, defining a generally tapered
surface of revolution 64 about axis 75, is provided to
extend through compact component 62 for receiving the
wire being drawn. In this regard, wire feedstock 69 of a
given diameter, d;, is drawn through aperture 68 in the
direction shown by arrow 70 for elongation into a wire
product of reduced diameter, d,. Drawing aperture 68
preferably is configured as being tapered either doubly
or piecewise to define a characteristic surface of revo-
lution about central longitudinal axis 75 for confronting
wire 69 being drawn. Area or region 72 at which wire 69
initially contacts compact component 72 is the wear ring
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described above.

[0030] The local stresses exerted by wire 69 at wear
ring 72 can be accommodated by configuring interface
74 to taper from entrance end 76 where the radial dis-
tance from longitudinal centerline 75 to interface 74 is a
distance, r,, to wear ring 72 where the radial distance
from longitudinal centerline 75 to interface 74 is a dis-
tance, r,,;, where r, > r,;. In other words, the taper for
interface 74 should be ahead of bearing zone 3, i.e, in
entrance zone 1 or reduction zone 2. It will be observed
that interface 74 from wear ring 72 to exit end 78 (bear-
ing zone 3 and exit zone 4) retains the substantially cy-
lindrical configuration of interface 74 of prior an compact
10 in Fig. 1. Thus, the extra expense to configure inter-
face 74 in the shown tapered configuration need only
be applied to entrance zone 1 and/or reduction zone 2
of wire die 60, i.e., ahead of bearing zone 3. This is ex-
pectedto moderate the costs associated with the double
taper required for the '075 wire die shown in Fig. 2.
[0031] W.ith respect to the moderation in local stress-
es achieved by the inventive wire drawing die configu-
ration, reference is made to Figs. 4 and 5 wherein a
somewhat stylized representation of a finite element
model of the maximum principle stress distributions in
a section of a wire drawing die compact are shown for
the generally cylindrical interface of compact 10, Fig. 4,
and for the novel singly entrance zone taper of compact
60, Fig. 5. Each of the sections are shown as having a
maximum principle stress distribution graphically de-
picted by the contours designated 101-109 in Fig. 4 and
110-117 in Fig. 5. In prior an wire drawing die 10 in Fig.
4, local stresses 101-105 represent compression
stresses, while local stresses 106-109 represent ten-
sion stresses, with the local stresses generally increas-
ing in tension as the numeric designations increase.
[0032] Referringto Fig. 5, local stresses 110-114 rep-
resent compressive stresses, while local stresses
115-117 represent tension stresses. Thus, it will be ob-
served that at entrance zone 1 and reduction zone 2,
the local tensile stresses have been reduced. This is ex-
pected to minimize wear ring formation. In the bearing
and exit zones, the local force distribution patterns are
about the same in Figs. 4 and 5; however, wire drawing
failures in these zones are not as common. Thus, the
present invention addresses a dominant failure mode
for wire drawing dies to configuring the interface to sub-
stantially reduce, if not eliminate, wear ring formation,
while concomitantly not increasing costs of production
of the wire die unnecessarily.

Claims
1. Ablank for a wire drawing die formed from:
(a) an annular cemented metal carbide support

component having a lengthwise extent from an
entrance end to an exit end and extending ra-
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dially about a central longitudinal axis to define
a cylindrical internal bore through said length-
wise extent; and

(b) a cylindrical sintered polycrystalline com-
pact component received within said bore of
said support component and bonded thereto at
an interface surface extending a radial distance
from and along said longitudinal axis from a
wire drawing entrance end to a wire drawing ex-
it end,

wherein said compact component is adapt-
ed to receive an aperture extending
through its lengthwise extent about said
central longitudinal axis and configured
with an entrance zone at said entrance end
which tapers inwardly therefromtoa reduc-
tion zone whereat a wire to be drawn
through said bore makes initial contact with
said compact component and thence to a
bearing zone and an exit zone, and where-
in:

the radial distance from said central longi-
tudinal axis to said interface surface tapers
inwardly from the entrance end to a mini-
mum prior to the bearing zone after which
said radial distance remains substantially
constant to said exit end.

2. A wire drawing die formed from:

(a) an annular cemented metal carbide support
component having a lengthwise extent from an
entrance end to an exit end and extending ra-
dially about a central longitudinal axis to define
a cylindrical internal bore through said length-
wise extent; and

(b) a cylindrical sintered polycrystalline com-
pact component received within said bore of
said support component and bonded thereto at
an interface surface extending a radial distance
from and along said longitudinal axis from a
wire drawing entrance end to a wire drawing ex-
it end, and having an aperture extending
through its lengthwise extent about said central
longitudinal axis and configured with an en-
trance opening at said entrance zone which ta-
pers inwardly therefrom to a reduction zone
whereat a wire to be drawn through said aper-
ture makes initial contact with said compact
component and thence to a bearing zone and
an exit zone, and wherein:

the radial distance from said central longitudinal ax-
is to said interface surface tapers inwardly from the
entrance end to a minimum prior to the bearing zone
after which said radial distance remains substantial-
ly constant to said exit end.
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3.

The improved blank of claim 1 or claim 2, wherein
said sintered polycrystalline compact component
comprises diamond particles, CBN particles, or a
mixture thereof.

The improved blank of claim 3, wherein said sin-
tered polycrystalline compact component compris-
es between about 10% to 30% by volume of a binder
metal selected from the group consisting of cobalt,
nickel, and iron, and mixtures and alloys thereof.

The improved blank of claim 1 or claim 2, wherein
said metal carbide support component comprises
carbide particles selected from the group consisting
of tungsten, titanium, tantalum, and molybdenum
carbide particles, and mixtures thereof.

The improved blank of claim 1 or claim 2, wherein
said metal carbide support component comprises a
binder metal selected from the group consisting of
cobalt, nickel, and iron, and mixtures and alloys
thereof.

A process for forming a wire drawing die blank
formed by a high pressure/high temperature (HP/
HT) process, comprising:

(a) providing a reaction cell assembly compris-

ing:

(i) an annular cemented metal carbide sup-
port component having a lengthwise extent
from an entrance end to an exit end and
extending radially about a central longitu-
dinal axis to define a cylindrical internal
bore through said lengthwise extent; and
(i) a sinterable mass of crystalline particles
received within said bore of said support
component; and

(b) subjecting said reaction cell assembly to
HP/HT conditions selected as being effective

(i) to sinter said mass of crystalline parti-
cles into a polycrystalline compact which
compact is adapted to have an aperture ex-
tending through its lengthwise extent about
said central longitudinal axis and config-
ured with an entrance zone at said en-
trance end which tapers inwardly there-
from to a reduction zone whereat a wire to
be drawn through said bore makes initial
contact with said compact component and
thence to a bearing zone and an exit zone,
and

(i) to bond said compact to said support
component at an interface surface extend-
ing along said longitudinal axis wherein the
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radial distance from said central longitudi-
nal axis to said interface surface tapers in-
wardly from the entrance end to a minimum
prior to the bearing zone after which said
radial distance remains substantially con-
stant to said exit end.
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